Compatible pairs of living kidney donors and their intended recipients can enter into kidney paired donation (KPD) and facilitate additional living donor kidney transplants (LDKTs). We examined 11 compatible pairs (the intended recipients and their intended, compatible donors) who participated in KPD, along with the recipients' 11 matched, exchange donors. The 11 pairs participated in 10 separate exchanges (three were multicenter exchanges) that included 33 total LDKTs (22 additional LDKTs). All the intended donors were blood group O and female, with a mean living kidney donor profile index (LKDPI) of 27.6 (SD 16.8). The matched donors had a mean LKDPI of 9.4 (SD 31.7). Compatible pairs entered KPD for altruistic reasons (N=2) or due to mismatch of age (N=7) or body/kidney size (N=2) between the recipient and intended donor. In four cases, retrospective calculation of the LKDPI revealed that the matched donor had a higher LKDPI than the intended donor. Of the 22 recipients of LDKTs enabled by the compatible pairs, three were highly sensitized, with PRA >80%. In conclusion, most compatible pairs entered into KPD so that the recipient could receive a LDKT transplant from a donor whose age or body/kidney size were more favorable to post-transplant outcomes.
| INTRODUCTION
Over the past decade, the number of living donor kidney transplants (LDKTs) performed via kidney paired donation (KPD) has greatly increased. Previously, kidney transplant candidates were often unable to receive a LDKT due to blood group or cross-match incompatibility with their intended living donor. Desensitization techniques, however, now allow many transplant candidates to successfully receive a LDKT directly from a blood group or cross-match incompatible living donor. 1, 2 The concurrent advent of KPD (also known as kidney exchange) has provided kidney transplant candidates and their intended donors with another way to overcome donor-recipient incompatibility and enable LDKTs. 3 KPD transplant expanded from 27 in 2005 to over 500 in 2012 and has increased each subsequent year. 4 Despite the increase in the number of LDKTs performed via KPD, further growth in KPD has been hampered by a relative lack of living donors with blood group O. 5 Blood group O donors, who are always blood group compatible with their intended recipients, only need to enter KPD registries due to cross-match incompatibility against their intended recipients. Blood group O transplant candidates, however, are often blood group incompatible with their intended donors and are sometimes cross-match incompatible as well. In KPD registries, the relative scarcity of blood group O donors leads to longer waiting times for blood group O recipients awaiting LDKTs. 6 KPD registries can increase their pool of blood group O donors if they include donor-recipient pairs who are blood group and crossmatch compatible. [7] [8] [9] [10] Entry of these compatible pairs into KPD registries can facilitate LDKTs for multiple incompatible pairs, especially if the compatible pairs include donors who are blood group O and intended recipients who are blood group A, B, or AB. In addition to facilitating more LDKTs, the recipient in the compatible pair can potentially benefit from KPD, by receiving a LDKT from a donor who is younger, better HLA-matched, or better size matched to the recipient, among other potential benefits. 8 The use of compatible pairs in KPD was initially termed "altruistic unbalanced paired kidney exchange," 9, 11, 12 but more recently has been termed "compatible pair participation" (CPP) in KPD. 8 CPP in KPD has been discussed for years, 7, 8 but the characteristics of compatible pairs and the potential benefits that they derive from participation in KPD are little known. Ratner et al. described
four compatible pairs who participated in three separate exchanges at their center. 11 Bingaman et al. 13 mentioned their use of 17 compatible pairs in their large, single-center KPD program; the recipients in the compatible pairs all received kidneys from donors who were younger than the initial intended donor. Centers outside North
America have also described their limited experience with CPP in KPD. 14, 15 Other studies of CPP have provided valuable information but used simulations, rather than describing actual donors and recipients. 7, 16 In this study, we describe the characteristics and potential benefits of CPP in KPD among 11 compatible pairs at our transplant center.
| PATIENTS AND METHODS

| Study terminology
CPP in KPD includes a trio of patients: the one transplant recipient and two living donors. The transplant recipient's "intended" living donor (sometimes called the original, paired, or compatible donor) is the family member or friend who originally volunteers to donate to the transplant candidate. When the intended donor is both HLA and blood group compatible with the intended recipient (ie, intended donor can donate directly to the recipient, without the need for desensitization or KPD), the intended donor and the recipient form a compatible pair.
In CPP in KPD, the recipient receives a LDKT not from their intended donor but instead from the "matched" living donor (sometimes called the actual, swap, or exchange donor).
| Study design
We performed a retrospective, single-center study of compatible pairs All compatible pairs were also evaluated by the nurse practitioner 
| Compatible pairs approached for KPD
| Evaluation of compatible pairs
| Study variables and analysis
For each compatible pair, we examined the medical records of the transplant candidate/recipient, their intended living donor, and their matched living donor. We determined whether the exchange using the compatible pair was performed internally, within our transplant center, or externally, with other transplant centers. In external exchanges, the matched living donor's evaluation was performed elsewhere, but the records were available at our center.
For the recipients, we also determined the dates of their initial transplant evaluation and receipt of a LDKT. For the living donors, we also included the dates of their start of the donor evaluation (defined as return of the completed donor referral form to our center if evaluated at our center) and donor nephrectomy. For donors evaluated at our center, donor CT angiograms were performed using a 64-slice VCT CT scanner on an AW fast VR software platform that directly calculated kidney volumes (GE Healthcare, Chicago, Illinois). For CT angiograms performed earlier or elsewhere, we estimated the volume of the donated kidney as (length×width×height×Π ∕6). For each living donor, we retrospectively calculated the living kidney donor profile index (LKDPI), which was published after these exchanges were performed. 19 A higher LKDPI is associated with a higher risk of allcause allograft failure.
Categorical variables were expressed as proportions, and their proportions among intended vs matched donors were compared using Fisher's exact test. Continuous variables that were normally distributed were expressed as means (with standard deviations) and compared using t-tests. Continuous variables that were not normally distributed were expressed as medians (with 25%-75% interquartile ranges (IQR)) and compared using Wilcoxon rank-sum tests. Statistical analyses were performed using Stata software (College Station, Texas).
Two-sided P-values <.05 were considered statistically significant.
| RESULTS
| Compatible pairs in KPD exchanges
From January 2012 through May 2016, we performed 565 LDKTs.
There were 244 pairs that were compatible (ie, did not require desen- We excluded from the analysis one compatible pair that initially wished to participate in KPD but had a narrow time frame within which the intended donor could donate. The compatible pair was slated to participate in an exchange with another center, but that exchange was canceled on short notice. As a result, the intended donor donated directly to the intended recipient.
| Characteristics of LDKT recipients
Characteristics of the 11 transplant recipients who participated in KPD are summarized in Table 1 and detailed in CrCl is expressed as mL/min.
days (IQR
163-999 days) for exchanges performed internally vs 616 days (IQR 96-1245 days) for exchanges performed externally, P=.99.
| Characteristics of intended and matched living donors
Characteristics of the 11 intended living donors and 11 matched living donors are detailed in Table 2 and summarized in Table 3 . Of the 11 intended donors, all were female, all were blood group O, and six (54.5%) were the spouse of the intended recipients. The intended and matched donors differed demographically ( Table 3 ). The matched donors were younger, more likely to be male, and had a lower mean 
| Reasons for CPP in KPD
Of the 11 compatible pairs, seven (63.6%) entered into KPD to allow the recipient to receive a younger kidney ( T A B L E 3 Characteristics of the intended and matched living kidney donors who participated in compatible KPD entered into KPD due to size mismatch between the intended donor and recipient. In the first pair that entered KPD due to size mismatch (exchange #6B), the intended and matched donor were similar in their weight. However, the calculated volume of the intended donor's kidney was 113 mL, vs 191 mL for the matched donor's kidney. In the second pair (exchange #8), the recipient outweighed the intended donor by 58.5 kg ( Table 2 ). The matched donor was 27.2 kg heavier than the intended donor (Table 4) . Finally, two pairs (18.2%) entered into KPD for purely altruistic reasons, to help incompatible pairs receive LDKTs. Seven of the 11 recipients received a LDKT from a matched donor whose LKDPI was lower than the LKDPI of the intended recipient (Table 4) . These seven recipients received LDKTs from matched donors whose LKDPIs were >20 points lower than the LKDPIs of the intended donors. Of the four recipients whose matched donor had a higher LKDPI than the intended donor, one recipient entered into KPD for altruistic reasons (exchange #6A). The other three recipients received LDKTs from matched donors whose LDKPIs were slightly (<20 points) lower than the LKDPIs of the intended donor (exchanges #1, 3, and 4), even though the matched donors were younger than the intended donors.
| Benefits to recipients of CPP in KPD
All 11 recipients had at least 6 months of follow-up. Mean serum creatinine at 6 months was 1.30±0.22 mg/dL (Table 1) , and individual serum creatinine concentrations are listed in Table 2 
| Additional LDKTs facilitated by CPP in KPD
The 11 compatible pairs participated in paired exchanges that included 22 other LDKT recipients (in addition to the 11 compatible recipients).
These additional LDKT recipients included 14 recipients at SBMC and eight recipients at other transplant centers (Table 5) . Among the 14 additional recipients at SBMC, the mean serum creatinine at 6 months Negative values (highlighted in bold) for years younger, kg heaver, mL larger in kidney volume, fewer HLA mismatches, and points lower LKDPI signify that the matched donor was actually older, lighter, smaller volume kidney, less matched, or had a higher (worse) LKDPI than the intended donor, respectively.
| DISCUSSION
In this single-center case series, we describe 11 compatible pairs who participated in KPD, along with the recipients' 11 matched, exchange donors. Although CPP in KPD was proposed nearly a decade ago, 7, 8 relatively few compatible pairs appear to have participated in KPD.
Bingaman et al. mentioned 17 compatible pairs among 134 total KPD
LDKTs over a 3-year period. 13 The National Kidney Registry, a large In our study, for four of the 11 of the compatible pairs, the LKDPI of the matched donor was higher than the LKDPI of the intended donor, suggesting that the matched donor might have shorter allograft survival than the intended donor. At the time of transplant for those four compatible pairs, the LKDPI was neither published nor available for calculation. In three of those pairs, the matched donor's LKDPI was higher than the intended donor's LKDPI despite the matched donor being younger than the intended donor. In those three pairs, the matched donor's LKDPI was only slightly (<20 points) higher than the intended donor's LKDPI. The clinical significance of such small increments and differences in LKDPI is unclear. The LKDPI's predictive discrimination is limited, with a C-statistic of only 0.59.
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Despite its limitations, however, the LKDPI can serve as an objective starting point when patients and transplant centers seek to assess the potential benefits of CPP in KPD. 22 Among recipients of deceased donor kidney transplants, OPTN already mandates that transplant centers inform and consent recipients if the donor has a kidney donor profile index (KDPI) >85%, 17 despite the known limitations of the KDPI. 23, 24 In the future, transplant centers may consider discussing the LKDPI with compatible pairs who participate in KPD.
In particular, centers should transparently discuss the LKDPI when the matched donor's LKDPI is significantly higher ("worse") than the intended donor's LKDPI.
The uncertainty in how to assess and communicate the benefits of CPP in KPD raises several ethical issues. 
